Background: Systemic lupus erythematosus (SLE) is an autoimmune disease that can affect almost any organ system, including the kidneys. Using a large national dataset, our goal was to compare the morbidity as measured by hospitalization and mortality rates between hemodialysis patients with end-stage renal disease (ESRD) secondary to SLE to those with ESRD due to other causes. Methods: The risk of hospitalization was calculated by Poisson regression with clustering for repeated measures using the United States Renal Data System (USRDS) Hospitalization Analytic File in strata of pediatric and adult patients. Cox proportional hazard ratio was used to assess the mortality risk in hospitalized patients. Subjects were censored at transplantation or end of follow-up. Results: Adult patients with ESRD secondary to SLE were hospitalized more frequently than other adults (incidence rate ratio (IRR): 1.43, 95% confidence interval (CI): 1.15-1.77) and had a higher risk of death (hazard ratio (HR): 1.89, 95% CI: 1.66-2.5). Mortality was higher in hospitalized pediatric patients with SLE compared to pediatric patients with other causes of ESRD (HR: 2.01, 95% CI: 1.75-2.31) and adults with SLE (HR: 2.05, 95% CI: 1.79-2.34). Conclusion: Our study demonstrates that there is a trend toward increased hospitalization rates in pediatric and adult patients with SLE. Among these hospitalized patients with SLE, there is an increased risk of death due to cardiovascular disease. Lupus (2012) 21, 1208-1213.
Introduction
Systemic lupus erythematosus (SLE) is a complex autoimmune disease that affects 20 to 150 women per 100,000, with a higher prevalence in patients of African American and Asian descent. 1,2 SLE also presents in childhood, accounting for up to 10% of patients with pediatric rheumatic diseases and approximately 20% of all SLE patients. 3, 4 Kidney involvement is common in these patients, with up to 60% of adults and 80% of pediatric patients presenting with some form of kidney disease. 3, 5 Some of these patients will progress on to endstage renal disease (ESRD) and require renal replacement therapy.
We have previously shown that pediatric and adult patients with ESRD secondary to SLE have an increased risk of death compared to patients with other causes of ESRD. 6 Our goal in this manuscript was to define morbidity in patients with SLE using rates of hospitalization as a surrogate marker for morbidity. We also explored mortality rates in this specific hospitalized patient population. We compared three groups: 1) pediatric hemodialysis (HD) patients with ESRD secondary to SLE vs. pediatric HD patients with other causes of ESRD; 2) adult HD patients with ESRD secondary to SLE vs. adults HD patients with ESRD secondary to other causes; and 3) pediatric vs. adult HD patients with ESRD secondary to SLE.
Patients and methods

United States Renal Data System (USRDS)
The USRDS, operated by the National Institute of Diabetes and Digestive and Kidney Diseases and the Health Care Financing Administration, collects data on mortality and hospitalization from patients in the United States receiving renal replacement therapy. To be included in the database, patients must be receiving chronic renal replacement therapy or have undergone kidney transplantation. Patients are excluded from the USRDS dataset if they receive dialysis only for an acute kidney injury, die of kidney failure before receiving renal replacement therapy, or do not accept renal replacement therapy. 7 In this analysis, we used the USRDS Hospitalization Analytic File, which includes clinical and demographic information only on patients who were hospitalized. The data are collected through claim forms and reported back to the USRDS. Patients receiving peritoneal dialysis were excluded because there were <20 pediatric patients with SLE receiving this modality.
Variables
Demographic and clinical characteristics were explored among adults and children in the USRDS Hospitalization Analytic File. According to the USRDS definition, pediatric patients were defined as age 18 years at first ESRD service. Causes of ESRD were dichotomized into SLE (ICD 9 code: 710.0) vs. all other diagnoses. Other clinical information from the USRDS included age at dialysis onset, gender, race and years receiving dialysis.
Data analysis
In order to capture patients receiving relatively standardized care for SLE (i.e. cyclophosphamide for treatment of diffuse proliferative glomerulonephritis), only patients starting dialysis after Jan. 1, 1990 , were included in the analysis.
Differences in clinical characteristics such as age, race and gender between patients were determined by two-tailed Student t-test for continuous data or chi-squared test of proportions. Differences in the duration of dialysis during the time at risk were determined by two-tailed Student t-test for continuous data.
The number of hospitalizations per time at risk for each patient was calculated. The time at risk was determined from the date of first ESRD service after Jan. 1, 1990 1, , to Dec. 31, 2004 , the last date of USRDS data collection period in this dataset. Patients were censored at kidney transplantation or at the end of follow-up. Incidence rate ratios (IRRs) of hospitalization were calculated using Poisson regression modeling, with clustering of observations by patient to account for repeated measurements. All models were tested for goodness of fit. Confounders included in the analysis were age, gender and race. P-values less than 0.05 were considered significant.
The number of days hospitalized per time at risk was calculated and compared by Student t-test. A sensitivity analysis was performed after exclusion of outliers, defined as patients with a number of hospitalizations or hospitalized days greater than 1.5 times the interquartile range for that period.
In order to determine if there was a difference in mortality between hospitalized patients with SLE and hospitalized patients with other causes of ESRD, Cox proportional hazard models were constructed to determine the hazard ratio (HR) of death. In these models, the population was the hospitalized patients identified in the above analysis with the time at risk Jan. 1, 1990-Dec. 31, 2004, and patients were excluded if they received kidney transplant or were lost to follow-up. The proportional hazards assumption was not violated for any variable over time (p values >0.05 by means of global test of Schoenfeld residuals). Data were analyzed using STATA, version 9 (Stata Corporation, College Station, TX).
Results
There were a total of 359,633 patients identified who were maintained on hemodialysis (HD) between Jan. 1, 1990 , and Dec. 31, 2004. There were 9930 patients with ESRD secondary to SLE, 619 pediatric patients with an age at first ESRD dialysis service 18 years, and 9311 adults with SLE. Demographic characteristics are presented in Table 1 .
Pediatric patients with SLE were older than other pediatric patients with ESRD maintained on HD; in contrast, adult patients with SLE were younger than other adult patients with ESRD (p < 0.01). There was an increased percentage of female gender and African American race in patients with SLE, both pediatric and adult populations, compared to other patients (p < 0.01).
Pediatric HD patients with ESRD secondary to SLE had a trend toward a higher rate of hospitalization compared to other pediatric patients, although it did not reach statistical significance (IRR: 1.08, 95% CI: 0.9-1.4). Even after controlling for age, race and gender, the trend remained (IRR: 1.04, 95% CI: 0.8-1.34). African American pediatric patients with SLE had a higher rate of hospitalization compared to Caucasians (IRR: 3.8, 95% CI: 1.7-8.5). Female pediatric patients with SLE also had a higher rate of hospitalization compared to males (IRR: 4.7, 95% CI: 1.7-12.8). The number of days hospitalized is shown in Table 2 .
The mean number of days hospitalized was higher in the pediatric patients with SLE compared to the others (7.2 vs. 6.4, p ¼ 0.01).
There were a myriad of reasons for hospitalizations. The top three reasons for hospitalization in pediatric patients with SLE, excluding the diagnosis of SLE, were infection (8%), complications from surgical procedure (7%) and hypertension (6%). For other pediatric patients, the three most common reasons for hospitalizations included arteriovenous (AV) graft complication (12%), infection of dialysis access (6%) and sepsis (3%).
There was an increased risk of death in the hospitalized pediatric patients with ESRD secondary to SLE compared to pediatric patients with other causes of ESRD (HR: 2.01, 95% CI: 1.75-2.31) ( Figure 1) ; 308 pediatric patients with SLE and 2556 patients with other causes of ESRD died during follow-up.
The three most frequent reasons for death in the pediatric patients with SLE included cardiac arrest (36%), septicemia (20%) and cerebro-vascular accident (13%). In those without SLE, cardiac arrest occurred in 21%, other causes of death in 20%, and septicemia in 6%.
Adult patients with ESRD secondary to SLE had an increased rate of hospitalization compared to other adult patients (IRR: 1.43, 95% CI: 1.15-1.77). Patients with SLE were hospitalized longer compared to their counterparts without SLE (7.3 days vs. seven days, p ¼ 0.02). Even after controlling for age, race and gender, there was a significant difference in hospitalization between the adult groups, with a higher rate in the adults with SLE compared to others (IRR: 1.36, 95% CI: 1.51-1.97).
The three most frequent reasons for hospitalization in the adult patients with SLE included HD access infection (7%), hypertension (6%) and heart failure (4%). In those without SLE, 14% were hospitalized for infection, 7% for heart disease and 6% for hypertension.
Patients who died during follow-up included 5478 adults with SLE and 270,821 patients with other causes of ESRD. In adjusted analysis, hospitalized adults with SLE had a higher risk of death compared to adults with other causes of ESRD (HR: 1.72, 95% CI: 1.51-1.97) ( Figure 2) .
The three top reasons for death in the adults with SLE included cardiac arrest (21%), other/unknown (12%) and septicemia (11%). In those with other causes of ESRD, the causes of death included cardiac arrest (24%), acute myocardial infarction (9%) and other/unknown (8%).
There was an increased rate of hospitalization in adults with ESRD secondary to SLE compared to the pediatric SLE population (IRR 1.23, 95% CI: 1.03-1.47), but no difference in the length of hospitalization (7.2 days vs. 7.3 days, p ¼ 0.8). However, the risk of death was higher in the hospitalized pediatric SLE population compared to hospitalized adults with SLE (HR: 2.05, 95% CI: 1.79-2.34). There was no significant difference in hospitalized days by interquartile percentage rank. However, the mean number of hospitalized days was higher in pediatric and adult patients with SLE. SLE: systemic lupus erythematosus.
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Discussion
In this study, we found that adult HD patients with ESRD secondary to SLE had a higher risk of hospitalization compared to patients with ESRD secondary to other causes. Although there was a trend toward increased risk of hospitalizations in pediatric patients with SLE, it was not statistically significant. Hospitalizations for patients with SLE have increased over time. In a report from the Centers for Disease Control, in 1988 there were <60,000 admissions for adults with SLE; this increased to >100,000/year by 2000. An analysis of 2004 data from the Nationwide Inpatient Sample estimated 141,000 hospitalizations with a diagnosis of SLE. Hospitalized patients with SLE were more likely to be younger, of the black race and female compared to patients without lupus. Patients with SLE also had longer length of hospital stay compared to other patients. [8] [9] [10] For patients with ESRD, overall hospitalization rates have remained stable, with approximately two admissions per year per dialysis patient with a mean hospitalization stay of 14 days. 11 In this study of HD patients, there was a striking increase in the risk of death in hospitalized children and adults with SLE compared to patients with ESRD secondary to other causes. This risk was increased in the pediatric patients with SLE even when compared to hospitalized adults who also had ESRD secondary to SLE. The most common reason for death among pediatric and adult patients with SLE was secondary to cardiovascular disease.
In a prior study of the USRDS, we found that mortality was higher in pediatric and adult patients with ESRD secondary to SLE compared to other patients. 6 In this current study, the mortality rate was high even when focusing on just the hospitalized patients with ESRD and SLE. Interestingly, the most common reason for hospitalizations in both the pediatric and adult populations was infections, not cardiovascular disease.
Patients with SLE are often immunosuppressed for treatment of their underlying disease, and this can increase the risk of infections. Cytomegalovirus (CMV) antigenemia has been reported in 18%-44% of patients with SLE, and antigen concentrations are higher in patients after treatment with glucocorticoids or cyclophosphamide. 12 There have been reports of atherosclerosis associated with CMV infections. Heart transplant recipients who were positive for CMV antibody had a higher incidence of atherosclerosis compared to CMV-negative recipients. 13 Animal models have shown that mice infected with CMV had a significant increase in pro-inflammatory cytokines as well as an increase in arterial blood pressure. 14 It is not clear if there is a link between infections and cardiovascular disease in patients with SLE, but it is an intriguing possibility.
SLE is a chronic inflammatory condition and this environment may contribute to the development of cardiovascular disease. C-reactive protein and tumor necrosis factor-a, markers of inflammation, have been shown to be elevated in atherosclerotic disease. Increased carotid intimamedia thickness, a surrogate of subclinical atherosclerosis, has been shown to be increased in pediatric and adult patients with SLE. [15] [16] [17] [18] In addition, increased disease activity and damage scores in adults with SLE correlate with atherosclerosis. 19 In the USRDS dataset, there is no information on disease activity in patients with SLE, and we are not able to assess cardiovascular disease and inflammation in these patients. One hypothesis for the increased cardiovascular deaths in the pediatric SLE population, however, may be due to a chronic inflammatory state compared to other patients with ESRD.
This study is limited by the retrospective nature of the data. Sicker patients may have died before data was recorded in the USRDS, or may have been placed on hemodialysis rather than peritoneal dialysis or transplant. This may lead to a selection bias, excluding the sickest patients from the analysis. In addition, we cannot comment on SLE disease activity or medications that were used to treat patients with SLE, as this data were not included in the USRDS dataset. This may impact the risk for cardiovascular disease, as patients treated with glucocorticoids may have lipid abnormalities that predispose them to cardiovascular disease.
Using this large national dataset, we show that there is a trend toward higher hospitalization rates in pediatric patients with SLE and a significant difference in hospitalizations between adult patients with SLE and patients with ESRD secondary to other causes. In pediatric as well as adult SLE patients who were hospitalized, there was an increased risk of death, primarily due to cardiovascular disease. This suggests that pediatric and adult patients with ESRD secondary to SLE should be carefully monitored for risk factors for cardiovascular disease, including non-conventional risk factors such as reducing infections and controlling inflammation that may contribute to atherosclerosis. 
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